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A B S T R A C T
Objective: To explore the incidence, types of onset, and risk factors of posttraumatic epilepsy (PTE).
Methods: This is a retrospective follow-up study of patients discharged from the Afﬁliated Hospital of the
Medical College of the Chinese People’s Armed Police Forces between September 2004 and September
2008 with a diagnosis of traumatic brain injury (TBI).
Results: Complete clinical information was available on 2826 patients. Of the 2826 TBI patients, 141
developed PTE, providing an incidence rate of 5.0%. Twenty-four cases (0.8%) had posttraumatic seizures
(PTS), of which 16 (66.7%) continued to experience after the acute phase of their TBI, accounting for 5.0%
of the total PTE cases. A total of 125 cases (88.7%) were diagnosed as presenting with late-stage seizures,
occurring from 10 days to three years after TBI (93/141 (66.0%) presented within six months after the TBI,
14/141 (9.9%) between six and twelve months, 22/141 (15.7%) between one and two years and only 12/
141 (8.5%) between two and three years after the TBI. The severity of PTE was rated mild, medium, and
severe in 3.6%, 6.9%, and 17% of the TBI patients. Multiple regression analysis was carried out to identify
factors contributing to the risk of developing PTE. Five parameters contributed to the model: Older age,
greater severity of brain injury, abnormal neuroimaging, surgical treatment, and early-stage seizures.
Conclusion: Age, severity of brain injury, neuroimaging results, treatment methods, and early-stage
seizures are independent risk factors of PTE.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
In recent decades, the domestic economy of China, as well as its
transportation and construction, have been developing at a rapid
pace. Along with this development, the incidence of traumatic
brain injury (TBI) has also increased and contributes to the
increased rate of posttraumatic epilepsy (PTE).1 To avoid the risk
factors of PTE efﬁciently and reduce its incidence, the clinical
characteristics of PTE should be investigated. So far, no epidemio-
logical research based on a large sample of PTE patients in China
has been published. Therefore, a series of retrospective and follow-
up investigations on TBI patients who were discharged from the
Brain Trauma Center in our hospital from September 2004 to
September 2008 was conducted to determine the incidence rate
and the risk factors of PTE and provide clues for intervention.
2. Participants and methods
2.1. Participants
The study involved TBI patients who had been treated at our
Brain Trauma Center and discharged between September 2004 and* Corresponding author. Tel.: +86 22 60578669; fax: +86 22 24715698.
E-mail address: yongqing6509@yahoo.com.cn (Y. Zhao).
1059-1311/$ – see front matter  2012 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2012.02.007September 2008. For inclusion into the study, the following criteria
were used: complete medical records and treatment information, no
history of epilepsy, and contactable by telephone. In accordance
with the standard diagnosis for neurological surgery, a TBI patient
was deﬁned as a patient discharged from the hospital with a primary
or secondary diagnosis of trauma to the head, associated with
decreased consciousness, amnesia, other neurologic or neuropsy-
chological abnormalities, skull fractures, or intracranial lesions.2 The
exclusion criteria are as follows: without complete medical records
and treatment information, and/or a history of epilepsy.
2.2. Investigation content and procedures
Formally trained neurologists ﬁlled the TBI Inpatient Retrospec-
tive Investigation Survey according to the hospital records of the
patients. The survey includes the general condition of the patients,
the diagnosis and treatment of the disease, and the seizure onset
information during their hospitalization.
2.3. TBI severity
The severity of TBI was evaluated based on the Glasgow Coma
Scale (GCS) rating.3 The GCS score ranges were used to classify TBI
severity as follows: 3–8, ‘‘severe’’; 9–12, ‘‘moderate’’; and 13–15,
‘‘mild.’’ GCS was measured upon admission to the hospital.vier Ltd. All rights reserved.
Table 2
Comparison between the age distribution of Traumatic Brain Injury (TBI) and
Posttraumatic Epilepsy (PTE).
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Follow-up investigation was conducted via telephone to
contactable patients with complete information. The TBI Patient
Follow-up Investigation Survey prepared in our hospital was
used during the follow-up, which was performed three to
ﬁve years after the occurrence of TBI. The follow-up survey
contains the general condition of the patient, the occurrence of
seizures, the type of seizures, the frequency of seizures, the
treatment condition, and so on. Patients with seizures or a
possibility of seizures were advised to seek a clear diagnosis at
our hospital.
2.5. Auxiliary examination
All patients acceded to cranial CT scan, and some acceded to
brain MRI examination.
2.6. PTS and PTE diagnoses and PTE classiﬁcation
Epileptic seizures and epilepsy was diagnosed on the basis of
the 1981 and 1989 Classiﬁcations of Epileptic Seizures and
Epilepsies and Epileptic Syndromes (ICE) of the International
League Against (ILAE). To be eligible, subjects had to have Obvious
trauma history before seizure, no history of epilepsy; with
electroencephalophysiological evidence and typical seizure.4
Posttraumatic seizures (PTS) exclude other diseases that may
cause seizures such as cerebrovascular diseases, infections, brain
space-occupying lesions, degenerative diseases, encephalodyspla-
sia, and so on.
PTS was deﬁned according to the time of seizure onset, as
follows: acute seizures occur within 24 h after trauma; early-stage
seizures happen within one week after trauma; and late-stage
seizures occur more than one week after trauma.
PTE was diagnosed only when two or more seizures
occurred without acute provocation after the acute phase of
injury recovery had passed. All cases of PTE were diagnosed by
neurologists after a review of the medical charts and follow-up
interview data.
2.7. Severity of seizures
Severity of seizures can be categorized into three types
according to the type and frequency of seizures within 12 months,
as follows: mild, medium, and severe 5 (Table 1).
2.8. Electroencephalogram (EEG) examination
Electroencephalogram (EEG) examinations were performed on
all patients with suspicious seizures using a 32-conduct electro-
encephalograph (Bio-logic Systems Corp, Illinois, USA). EEG
recorded at least 60 min, records include awake, during eyes-
open/eyes-closed states, during hyperventilation, with sphenoidal
electrodes, and while the patients were sleeping.Table 1
Categorization of epileptic seizure types according to severity.a
Seizure typea Seizure frequency during the preceding
12 months
Mild Moderate Severe
Simple partial 20 21–100 >100
Complex partial 4 5–12 >13
Generalized tonic–clonic 1 2–4 >4
a Subjects with more than one seizure type were categorized on the basis of their
most severe seizure type.2.9. Material processing
A database was created in Excel, and statistical analysis was
performed using SPSS 12.0. The data are presented as mean
 standard deviation (SD). The incidence rates are expressed in
percentile, a chi-square test was used to compare the incidence, and a
multivariate linear regression analysis was used to determine the
independent factors that affect PTE after TBI. Stepwise methods were
used to screen variables, which were included at a level of 0.05 were
included, whereas those at a level of 0.1 were excluded. Residual
analysis was used to identify if any outliers, which were deﬁned as
data outside three standard deviations, were present. Casewise
diagnostics was used to further identify the outliers in the regression.
Our results were not driven by outliers according to the aforemen-
tioned analyses. PTE was represented by the dependent variable (Y),
and the factors affecting PTE were designated as the independent
variable (X). A signiﬁcant difference was indicated by p < 0.05.
3. Results
3.1. Demographic information
A total of 4114 TBI cases were admitted into our Brain Injury
Center from September 2004 to September 2008. Of these, 3810
cases were discharged after treatment, 210 patients died, and 94
cases were in other situations. We attempted to contact the 3810
discharged patients by telephone; 54 have already died because of
other diseases or accidents, and 930 were not contactable they had
their phone numbers changed, among other reasons. Among the
2826 successfully followed-up patients, 2046 were male, and 780
were female. The age ranged from 4 to 79 years old, with a mean
age of 36.94  14.62. The follow-up occurred three to ﬁve years after
brain injury. A total of 141 PTE cases were recorded three years after
the brain injury, at an incidence rate of 5.0%. Of these, 103 were male
(73.0%) and 38 were female (27.0%); the age ranged from 10 to 70,
with a mean age of 40.70  15.62. A comparison of the age
distribution between TBI and PTE (Table 2) shows that the peak
incidence of TBI occurred between 20 and 50 years of age (56.03%);
TBI incidence was mainly distributed at the age ranges of 30–39
(26.2%), 50–59 (22.7%), and 20–29 (17.7%). High PTE incidence was
observed on the 60–69 (15.8%) and 50–59 (8.0%) age ranges.
3.2. PTE diagnosis
Among the 2826 TBI patients, 11 (0.4%) were diagnosed as acute
seizures, with 7 (63.6%) suffering from late-stage seizures
(accounting for 5.0% of the total PTE cases); 13 cases (0.5%) were
diagnosed as early-stage seizures, with 9 (69.2%) suffering from
late-stage seizures (accounting for 6.3% of the total PTE cases); and
125 cases (88.7%) were diagnosed as late-stage seizures occurringAge
stage
Number of
TBI cases
Constituent
ratio (%)
PTE
cases
Constituent
ratio (%)
PTE
incidence
rate (%)
9 36 1.3 1 0.7 2.8
10–19 252 8.9 11 7.8 4.3
20–29 715 25.3 25 17.7 3.5
30–39 602 21.3 37 26.2 6.1
40–49 642 22.7 17 12.1 2.6
50–59 400 14.2 32 22.7 8.0
60–69 114 4.0 18 12.8 15.8
70 65 2.3 0 0 0
Total 2826 100.0 141 100 4.99
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PTE cases had seizures within the ﬁrst 6 months after the trauma,
14 cases (9.9%) had seizures within 7–12 months, 22 cases (15.7%)
had seizures within the 13–24 months (second years) after trauma,
and only 12 cases (8.5%) had seizures within 25–36 months (third
years) after TBI. Twenty cases with PTE had simple partial seizures,
12 cases had complex partial seizures, and 109 cases had
secondary generalized seizures induced by simple or complex
partial seizures.
Eight cases (5.7%) had seizure frequencies higher than once a
week, 98 cases (69.5%) had frequencies higher than once a month,
and 35 cases (24.8%) had seizure frequency higher than once a year.
In terms of the severity of seizures, 35 cases (24.8%) had
medium seizures, 106 cases (75.2%) had severe seizures, and no
cases (0%) had mild seizures.
3.3. Auxiliary examination
All the 141 PTE patients underwent an EEG examination
during their hospitalization or on a subsequent visit. EEG
monitoring was conducted for at least one hour, including ﬂashTable 3
Analysis of the factors affecting PTE.
Factors T
Gender
Male 2
Female 
Age
<20 years old 
20 up to age 49 1
50 years 
Income
2000 RMB 1
<2000 RMB 1
Education
<HS graduate 
HS graduate 1
>HS graduate 
Occupation
Employed 1
Unemployed 1
Marital status
Married 1
Unmarried 
Divorced/Widowed 
Severity of TBI (GCS)
Mild (13–15 score) 2
Medium (8–12 score) 
Severe (3–7 score) 
Etiology of TBI
Transportation 1
Violence 
Fall 
Open and closed TBI
Open TBI 
Closed TBI 2
Imaging examination
Intraparenchymal brain hemorrhages 
Contusions (with or without extraparenchymal hemorrhage) 
Extraparenchymal hemorrhages alone (SAH, SDH, EDH) 
Normal 1
Fracture
Have 
No 1
Treatment method
Conservative treatment 1
Single external puncture drainage 
Two or more surgeries 
Early-stage seizures after TBI
Yes 
No 2
EDH: epidural hemorrhage; GCS: Glasgow score; HS: High school; RMB: Ren Minbi; SAH:stimulation, waking, and sleeping, as well as with sphenoidal
electrodes. A total of 14 cases showed normal EEG during
interictal, 61 cases showed epileptiform discharges (49 with one-
sided discharge, 12 with double-sided discharge), and 66 cases
had local cerebral slow wave. Abnormal rate of EEG monitoring
was approximately 90.1%.
3.4. Factors affecting PTE
The correlation analysis involved 13 factors, namely, gender, age,
income, education level, occupation, marital status, severity of brain
injury, trauma causes, open or closed TBI, neuroimaging results,
skull fractures, treatment methods, and early-stage seizures after
TBI (Table 3). The results show that gender, income, education level,
occupation, marital status, trauma causes, and open or closed head
trauma have no obvious relevance for PTE after TBI. Six factors were
correlated with PTE, which included age (x2 = 14.736, p = 0.000),
severity of brain injury (x2 = 73.117, p = 0.000), neuroimaging
results (x2 = 94.450, p = 0.000), skull fractures (x2 = 32.700,
p = 0.000), treatment methods (x2 = 149.887, p = 0.000), and ear-
ly-stage seizures after TBI (x2 = 221.296, p = 0.000).BI cases (%) PTE cases (%) P value
046 (72.4) 103 (5.0) x2 = 0.31
780 (27.6) 38 (4.9) p = 0.859
284 (10.0) 12 (4.2) x2 = 14.736
964 (69.5) 79 (4.0) p = 0.000
578 (20.5) 50 (8.5)
421 (50.3) 74 (5.2) x2 = 1.983
405 (49.7) 67 (4.8) p = 0.150
916 (32.4) 46 (5.0) x2 = 0.047
094 (38.7) 56 (5.1) p = 0.827
816 (28.9) 39 (4.8)
685 (59.6) 82 (4.9) x2 = 1.595
141 (40.4) 59 (5.2) p = 0.207
997 (70.7) 104 (5.2) x2 = 0.630
820 (29.0) 31 (3.8) p = 0.427
9 (0.3) 1 (1.1)
429 (86.0) 88 (3.6) x2 = 73.117
144 (5.1) 10 (6.9) p = 0.000
253 (9.0) 43 (17.0)
585 (56.1) 77 (4.9) x2 = 0.298
866 (30.6) 42 (4.8) p = 0.585
375 (13.3) 22 (5.9)
531 (18.8) 33 (6.2) x2 = 2.070
295 (81.2) 108 (4.7) p = 0.150
153 (5.4) 12 (7.8) x2 = 94.450
780 (27.6) 94 (12.0) p = 0.000
473 (16.7) 30 (6.3)
420 (50.2) 5 (0.4)
973 (34.4) 80 (8.2) x2 = 32.700
853 (65.6) 61 (3.3) p = 0.000
998 (70.7) 46 (2.3) x2 = 149.887
455 (16.1) 12 (2.6) p = 0.000
373 (13.2) 83 (22.0)
24 (0.8) 16 (66.7) x2 = 221.296
802 (99.2) 125 (4.5) p = 0.000
 subarachnoid hemorrhage; SDH: subdural hemorrhage; TBI: traumatic brain injury.
Table 4
Multi-regression analysis of factors affecting PTE.
Item Variance R2 b Standard b SE T value P value 95% Conﬁdence interval
F value P value Lower Upper
Age 152.540 0.000 0.140 0.015 0.101 0.003 5.680 0.000 0.010 0.020
Severity of TBI 122.876 0.000 0.148 0.035 0.096 0.007 5.177 0.000 0.022 0.048
MRI/CT 99.503 0.000 0.150 0.009 0.049 0.004 2.294 0.022 0.001 0.017
Treatment 216.458 0.000 0.133 0.057 0.186 0.007 8.582 0.000 0.044 0.070
PTS 240.020 0.000 0.078 0.582 0.245 0.042 13.974 0.000 0.500 0.663
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identify the most signiﬁcant factor of PTE. PTE was set as a
dependent variable (Y), and the factors affecting PTE were
represented by the independent variable (X). The variance of the
regression analysis shows that ﬁve factors are signiﬁcant differences
(P < 0.01) (Table 4). The regression results show that age (X1)
(b = 0.015, P = 0.000), TBI severity (X2) (b = 0.035, P = 0.000),
neuroimaging results (MRI/CT) (X3) (b = 0.009, P = 0.016), treatment
methods (X4) (b = 0.051, P = 0.000), and early-stage seizures (X5)
(b = 0.644, P = 0.000) entered the regression model of PTE and
continued to be independent predictors of PTE after TBI. The
presence of fractures (X6) did not appear as an in independent
predictor in the regression model; however, Table 2 shows that the
incidence rate of PTE in TBI patients with fractures (8.2%) is
noticeably higher than in TBI patients without fractures (3.3%). The
chi-square test shows a clear correlation between PTE and the
presence of fractures. The ﬁnal regression model is expressed as
follows:
Y ¼ 0:257 þ 0:015X1 þ 0:035X2 þ 0:009X3 þ 0:057X4 þ 0:582X5:
The results show that the older the patients, the higher the
incidence of PTE. In patients over the age of 50, the incidence
reached 8.5%. When the severity of TBI increased, the incidence of
PTE also increased. For severe head trauma, the incidence reached
17%. Similarly, the higher number of treatment methods used, the
higher the incidence of PTE. If patients had two or more surgical
treatments, the incidence would reach 22%. Abnormal neuroim-
aging results contributed to increase incidences of PTE. Further
research shows that contusions led to the highest incidence (12%),
followed by intraparenchymal brain hemorrhages (7.8%). Early-
stage seizures after TBI also clearly increased the risk of incidences
of PTE (66.7%, Table 3).
3.5. PTE treatment
A total of 78 patients (55.3%) accepted treatment, whereas 63
(44.7%) did not.
All patients were administered with Western medicine. Among
them, 10 cases (12.8%) were treated with adjuvant Chinese
medication, 11 (14.1%) were given folk-medicine prescriptions, 6
(7.7%) were treated via acupuncture, and 2 cases (2.6%) underwent
surgery. The most commonly used antiepileptic drugs included
Depakine (51.3%), Tegretol (44.9%), and phenytoin sodium (32.1%).
Other medications, such as phenobarbital, oxcarbazepine, lamo-
trigine, clonazepam, and others were also administered. Approxi-
mately 42.3% of the patients took only one antiepileptic drug,
whereas 57.7% took two or more kinds of drugs. A total of 41 cases
(52.6%) showed good compliance and followed the doctor
prescriptions, and 37 cases (47.4%) showed bad compliance, with
various degrees of missed, reduced, or withdrawn doses.
4. Discussion
Posttraumatic epilepsy is one of the common complications of
traumatic brain injury. Published reports show that PTE incidencevaries from 1.8% to 53% because of differences in the research
participants and samples. PTE incidence ranges from 1% to 10%
among normal people, and from 10% to 13% among inpatients. For
PTE induced by war injuries, the incidence rate can reach 34%. Most
seizures occur within one year after injury, although they can also
manifest several years after the trauma.6
Investigations on the incidence of PTE are very rare in China.
Research articles have reported that the incidence of PTE is from
7.91% to 13.8%; however, these results were based on clinical
analyses with small sample sizes. The current study shows a PTE
incidence rate of 5.0% during the ﬁrst 3 years after trauma in 2826
TBI patients, with 66.0% occurring within the ﬁrst 6 months after
the injury and 76.9% within the ﬁrst 12 months after TBI.
On the basis of the primary injury in patients with TBI, epileptic
seizures can deteriorate pathological injury of brain tissue and
neural biochemical changes. They may also exacerbate the disease,
increase the complexity of treatment, and seriously affect the daily
life of the patients, which can and lead to employment problems.
Among the various risk factors of PTE after TBI, the severity of TBI
plays an important role as one of the independent risk factors. Our
study shows that the incidence rates of PTE for mild, medium, and
severe injuries, are 3.6%, 6.9%, and 17.0%, respectively, based on the
GCS classiﬁcation. This result is consistent with those of other
similar reports, which indicated that PTE incidence increases as the
severity of TBI increases.7–10 Similar to our investigation, a German
study on 612 patients hospitalized with all TBI severity levels
reported on the results of telephone contacts with 559 of the
patients approximately 36 months after their injuries. Around 2.5–
14% of the patients developed PTE, and the incidence increased
with the severity of TBI.10
Our study shows that acute and early seizures, as independent
risk factors, can signiﬁcantly increase the risk of late seizures.
Approximately 66.7% of the cases with acute or early seizures,
which corresponds to 11.3% of all PTE patients, suffered from late
seizures. These results are similar to those reported by most
investigators.7,11–13 However some researchers reported that the
occurrence of posttraumtic epileptic seizures is not an obvious risk
factor of PTE.9,14
Age is an independent risk factor that affects PTE. In our study,
the age was positively correlated with the risk of PTE after TBI. The
results show that the only peak in the PTE incidence rate was
observed in patients 50–69 years of age. Although other factors
affecting the rate of PTE were excluded as much as possible during
the telephone follow-up, we still believe that these factors
contribute to the increase in the incidence of PTE among older
individuals, given that older patients are less ﬂexible in terms of
movement and have systematically reduced physical functions. In
addition, the risk of stroke and other chronic diseases of the
nervous system are obviously increased in older patients. Stroke is
a common predecessor to epilepsy. This observation is consistent
with report ﬁndings based on laboratory animals, which showed
an increased risk of seizures among older individuals.15
The imaging results show a signiﬁcantly higher PTE incidence
among TBI patients with abnormal imaging compared with those
with normal imaging. Among the TBI patients with abnormal
imaging, the PTE incidence is highest in patients with contusions
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by those with intraparenchymal brain hemorrhages (7.8%), and
those with extraparenchymal hemorrhages alone (6.3%). These
results indicate that abnormal imaging is one of the risk factors of
PTE; however, the underlying mechanism remains unclear. One of
the possible explanations is that contusions usually injure the
neurons in the cortex and lead to bleeding in the subarachnoid,
which directly stimulates the neurons of cortex. The vasospasm
caused by subarachnoid hemorrhage, as well as the clot
decomposition products, can induce neuronal discharges. Further
research on this topic is necessary.
Englander et al.,12 found that multiple craniotomies may
increase the PTE incidence rate (36.5%). In the current study, the
PTE incidence rate among patients who underwent one surgery
treatment (single puncture external drainage) is 2.6%, which is
slightly higher than that observed for those with conservative
treatment (2.3%). Meanwhile, the rate signiﬁcantly increased to
22.0% in patients who underwent two or more surgeries. Thus, we
conclude that selective surgery can possibly reduce the risk of PTE.
Current reports on the effect of income on the incidence of PTE
are inconsistent. A study on persons hospitalized for TBI in a
racially mixed, low-income New York community found an almost
three-fold increase in the prevalence of epilepsy compared with
persons from Minnesota.16 Our results are consistent with those of
another report.17 No difference in the development of PTE based on
income prior to the occurrence of TBI was found. In addition, sex,
education, occupation, marital status, and the cause of TBI was also
no difference in the development of PTE after TBI.
To date, the pathogenesis of PTE remains unclear, possibly due
to multiple reasons. Possible mechanisms include the effects of
iron, changes in brain blood circulation, neurobiochemical
substances, scars, glial proliferation, abnormality in the neural
transmitters and receptors, axon lateral branching, breaks in the
neuron-glial link, and so on.
Several types of seizures can occur after TBI, with partial
seizures as the major manifestation. In this study, all 141 patients
had partial seizures with or without secondary generalized
seizures. In addition, half of the clearly diagnosed patients received
anti-epilepsy drugs, as described in Section 3.5. The results also
reveal that some patients underwent nonstandardized treatment
and inappropriate medication. For instance, phenytoin sodium had
already been withdrawn as a ﬁrst-line drug because of severe side
effects. However, one third of the patients still took them. This
ﬁnding indicates a necessity to reinforce relevant education to
patients and their family, as well as to medical personnel.
In conclusion, this investigation shows that the incidence of PTE
after brain injury is related to age, severity of disease, imagingresults, treatment, and early-stage seizures. Although the current
retrospective research was based only on hospitalized patients and
therefore suffered from a limited number of samples as well as
from constraints in the telephone follow-up, we believe that the
reference value is positive. In future studies, the scope of sampling
must be expanded through a multicentered investigation. The
characteristics of PTE, including the incidence and risk factors in
China, must be further investigated to provide patients with an
advanced clinical diagnosis and treatment.
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